Environ. Entomo!. 11: ]269-1273Entomo!. 11: ]269- (1982 Field tests were conducted to determine the effect of insecticide rates on degree of brown planthopper, Nilaparvala lugens, resurgence during [1978][1979][1980]. Carbofuran granules and foliar sprays of decamethrin, methyl parathion, diazinon, and FMC 3500] caused resurgence, whereas foliar sprays of ethylan controlled N. lugens. Resurgence of N. lugens populations was most pronounced in the high rates of decamethrin and methyl parathion treatments. Populations of the N. lugens insect predators, Microvelia atro/ineata and Cyrtorhinus /ividipennis and predatory spiders were most depressed by the high rates of decamethrin.
In the last decade, the brown planthopper, Nilaparvata lugens (Staal) , has risen to the status of a major pest of rice throughout Asia (Dyck and Thomas, 1979) . Hopperbum-and virus-infested fields caused by the feeding of this vector have become common. Outbreaks are related to the cultural practices which have contributed to the success of the green revolution in rice. Factors such as high fertilizer rates and the availability of standing water as the result of expanded irrigation systems have been shown to favor N. lugens populations ). However, the most evident factor is the increased use of insecticides (Kenmore 1980 , Heinrichs et al. 1982 . Personal communication and observations in travel throughout Asia have strengthened this thesis. Reissig et al. (1982a) have shown that many of the commonly used rice insecticides can cause N. lugens resurgence. Certain insecticides applied at sublethal doses increase N. lugens feeding activity, reduce length of the nymphal stages and increase adult longevity and oviposition period, and stimulate reproduction . In laboratory studies, reproductive stimulation was dependent on the dosage of insecticide applied . In field studies, varietal resistance (Reissig et al. 1982b ) and method of application, i.e., foliar sprays, broadcasting of granules or soil application, and timing of applications (Heinrichs et al. 1982) affected degree of N. lugens resurgence. Method and timing of insecticide applications apparently affected the degree of resurgence because of the difference in amount of insecticide which came in contact with N. lug ens at the base of the plant near the water level, and because of predators. Reproductive stimulation of N. lugens appeared to be of greater significance than natural enemy destruction.
Rice farmers in the Philipines often apply insecticides at rates which are below those recommended (Reissig et al. 1981 studies were conducted to determine their effect on populations of N. lugens and its major predators.
Materials and Methods
Three field tests were conducted from 1978 to 1980. All tests were conducted in irrigated lowland rice fields on the International Rice Research Institute (IRRI) farm. Before transplanting, fertilizer was incorporated into the paddy soil at a rate of 19 kg of N, 14 kg of P, and 14 kg of K per ha. Additional applications of 30 kg of N per ha were broadcast at 25 days after transplanting (DT) and at panicle initiation. Twenty-one-day-old seedlings of high yielding dwarf varieties (IR22 in test I and IR29 in tests 2 and 3) susceptible to the predominant N. lugens biotype were hand transplanted into the field at a spacing of 25 by 25 cm. The plots (5 by 9 m) were separated by soil levees and were individually flood irrigated to avoid interplot movement of insecticides. Plots were arranged in a randomized complete block design, and treatments were replicated four times.
Insecticides selected for study were carbofuran, decamethrin, diazinon, FMC 35001, methyl parathion, and ethylan. All except ethylan have been shown to cause N. lugens resurgence in previous studies (Reissig et al. 1982a) . Ethylan has consistently given excellent N. lugens control in IRRI tests. In test I, the treatments were methyl parathion applied at 0.75, 0.50, and 0.25 kg of AI/ha and decamethrin at 0.03, 0.02, and 0.01 kg of AI/ha, as foliar sprays at 20, 35, and 50 DT. Spray volume was 300 Iiterslha in the first, 500 liters/ha in the second, and 1,000 literslha in the third application as based on the density of the crop. The N. lugens populations were determined by sampling 10 randomly selected hills per plot with a D-Vac suction machine at 59 and 68 DT.
In tests 2 and 3, insecticides were applied at 35, 50, and 65 DT. in test 2, decamethrin was applied as a foliar spray at 0.02 and 0.04 kg of AI/ha, and diazinon and FMC 35001 as a foliar spray at 0.2 and 1.0 kg of All ha. In test 3, carbofuran granules were applied as a paddy water broadcast, and ethylan and FMC 35001 as foliar sprays, all at 0.25, 0.5, and 1.0 kg of AI/ha. In all tests, untreated plots served as checks. In tests 2 and 3, plots were sampled for arthropods 1 day before and © 1982 Entomological Society of America Vot.ll,no.6 2 days after each insecticide application. An additional sample was taken 18 days after the last application in test 2 and 13 days after the last application in test 3. Arthropods were collected from 10 randomly selected hills per plot by using a battery-powered 12-V auto vacuum sweeper which was modified to serve as a suction device (Carino et at. 1979) . Samples were returned to the laboratory where N. lugens and its predators, Cyrtorhinus lividipennis Reuter (Hemiptera: Miridae), Microvelia atrolineata (Bergoth) (Hemiptera: Veliidae), and the spiders Lycosa pseudoannulata Boes et Str. (Araneae: Lycosidae), Tetragnatha sp. (Araneae: Tetragnathidae), and Araneus (Araneae: Argiopidae), were counted.
Results

Test 1.
N. lugens populations were low in all treatments until 59 DT, with differences among treatments only occurring at 68 OT. There was a distinct rate effect on degree of resurgence in both the methyl parathion and decamethrin treatments, with the highest rates causing the greatest degree of resurgence (Table 1 ). In the treatment with the high rate of decamethrin, the N. lugens population was 850 per hill compared to 60 per hill in the check. The economic threshold is considered to be about 20 per hill (Heinrichs et al. 1979) .
Test 2.
Generally, N. lugens populations were significantly higher in the insecticide treated than in the untreated checks from 64 to 83 DT (Fig. IA) . As in test I, highest populations occurred in plots receiving the high rate (0.04 kg of AI/ha) of decamethrin. Degree of resurgence was greatest at 64 OT when the treatments with the high rates of decamethrin and diazinon and the low rate of FMC 35001 had populations of 1,508,408, and 373 per hill, respectively, compared to the check with 33 per hill. The effect of application rates on N. lug ens populations varied among the insecticides. At 64 to 83 OT, populations were generally higher in the high rate of decamethrin than in the low rate, but populations in plots treated with the different rates of diazinon were not significantly different. The difference among rates of FMC 35001 was only significant after the second application at 52 OT, when the population in the low rate was 40-fold that of the high rate.
Spider populations in all treatments including the untreated checks remained relatively low throughout crop development (Fig. IB) . Decamethrin was most toxic to spiders, and even the low rate of 0.02 kg of Allha significantly reduced populations below that of the check. Diazinon was not particularly harmful to spider populations, and numbers in plots treated with the lower rate were not significantly different from the check.
Oecamethrin and FMC 35001 were toxic to M. atrolineata (Fig. IC) . Oiazinon had little effect because only one sample, the high rate at 37 OT, was significantly lower than the check. In the decamethrin and FMC 35001 treatments, the high rate had significantly less M. atrolineata than the low rate at 52 and 64 OT. The low rate applied at 50 and 65 OT did not decrease the M. atrolineata population. On the contrary, the population at 52 DT increased after the second insecticide application to levels similar to that of the check.
After the first two applications at 35 and 50 DT. all treatments were toxic to C. lividipennis except the low rate of diazinon at 52 DT (Fig. ID) . However the C. lividipennis populations in the check decreased at 67 DT, and the population at the low rate of each of insecticide was significantly higher than that of the check. At 83 DT, 18 days after the last spray, the populations in the high rates were much above that of the check, up to 85-fold ih the decamethrin treatment. This was likely due to migration into these plots and reproduction in response to the extremely high N. lugens populations.
Test 3.
Both carbofuran and FMC 35001 caused significant increases in N. lugens populations above that of the check ( Fig. 2A) . The first two applications of ethylan, however, controlled N. lugens, decreasing the population significantly below that of the check, at all rates. The rate response of the N. lugens populations was not distinct in either the carbofuran or decamethrin treatments. At 67 and 78 DT, the populations at all three rates of carbofuran and FMC 35001 were greater than the check. Highest populations occurred in the FMC 35001 treatments. At rates of FMC 35001 at 0.25 and 0.5 kg of AUha, populations were 102-fold that of the check at 67 OT.
Spider populations were low but increased toward the end of the crop season (Fig. 2B ). Carbofuran and FMC 35001 at the high rates significantly reduced the spider population after the first two sprays. The third spray had no effect. Ethylan rarely suppressed spider populations. By 78 OT, the spider populations in the carbofuran and FMC 3500 I treatments had recovered and were similar to the check.
Microvelia atrolineata populations were low in the check compared to those in test 2. Only the second application of carbofuran and FMC 35001 at the rate of 1.0 kg of AUha depressed the population below that of the check, but this difference was not significant, possibly due to the low population in the check. The high numbers in all carbofuran and FMC 35001 treatments at 78 OT were apparently in response to the high M. lugens populations. Also, the low M. atrolineata poplations in the ethylan treatments at 52 OT were likely due to the low N. lugens population in addition to a possible lethal effect of the insecticide.
All insecticides significantly reduced C. lividipennis populations (Fig. 20) . Although not significant in all cases, the high rates generally had the lowest C. lividipennis numbers at 2 days after application. The check population decreased at 64 and 67 OT, which was likely in response to the low N. lugens population at that time. At 78 OT, \3 days after the last spray application, there was a sharp increase in the C. lividipennis population at the low carbofuran and FMC 35001 rates. 'Samplemeansof N. tugens takenat 68 DT followedby a common letterare not significantly differentat the 5% level,by Duncan'smultiplerangetest.
Discussion
Except for methyl parathion, the insecticides tested in this study provide effective control of N. lugens in IRRI laboratory studies. However, in our field tests none of the insecticides except ethylan controlled N. lugens. On the contrary, they caused increases in the N. lugens populationss, significantly above that of the untreated check. Difference in degree of N. lugens resurgence in relation to insecticide rates was most pronounced in the decamethrin treatments.
Under field conditions, many factors determine the amount of toxicant which comes in contact with N. lugens and its predators. The density of the crop canopy increases with the age of the crop, limiting the amount of spray material which reaches the base of the plant. Rainfall, which washes insecticide from the plant, spray volume, and degree of resistance to insecticides are additional factors which affect the response of N. lugens and its predators. Thus, degree of resurgence in r<:lation to the rates applied would be expected to vary depending on the status of the conditions described. Most of these conditions are beyond the control of rice farmers in the tropics.
Ethylan, which effectively controlled N, lugens at the highest rate tested, did not cause resurgence at low rates.
The other insecticides tested provided poor N. Lugens control at all the rates, and the higher rates generally caused the greatest degree of resurgence. T~sting higher rates of these insecticides for N. lugens control is not economically practical. Therefore, manipulation of rates is not a practical method of avoiding N. lugens resurgence when resurgence-inducing insecticides are applied. Such insecticides should be identified and not recommended for rice insect control to farmers in Asia where N. lugens occurs.
